Richard Rado had extremely wide mathematical interests. Many themes run through his work. Erdos (1987) writing about their joint work says 'I was good at discovering perhaps difficult and interesting special cases and Richard was good at generalizing them and putting them in their proper perspective'. Richard himself, when replying to a presentation that was made on his retirement, said 'There are almost as many types of mathematician as there are types of human being. Among them are technicians, there are artists, there are poets, there are dreamers, men of affairs and many more. I well remember rising from my chair after having just solved what seemed to me an interesting and difficult problem, and saying aloud to myself: "This is beautiful music!" And only after I had said this did it strike me that I had strayed into the wrong category.' Richard was fascinated by mathematical beauty and sought after it. He always tried to formulate his results at their natural level of generality, so that their full power was exhibited, without their content being obscured by over-elaboration.
positive integers, we have a formal product. for two series. In one paper (19) R ado determines all the sequences (/c/, A/), i = 1, 2, ..., for which the series on the right converges to the product of the two series on the left, whenever these two series converge. Surprisingly, his proof depends on an application of Ramsey's theorem, see below.
In a further paper (59) Rado proves that, if/is a function from a real Banach space X to a real Banach space Y, and 2 f(xn) has bounded partial sums in Y whenever 2 xn converges i n X , th e n /is continuous and linear near the origin.
Inequalities
See bibliography (11, 12, 14, 27, 36, 39, 47, 50, 80, 82) . H ere we quote a typically atypical result. W hereas most of the papers on this theme are concerned with inequalities of classical types, in one paper (47) Rado investigates the minimal sum that can be obtained by a suitable rearrangem ent of a transfinite sequence of ordinal numbers. In particular, he determ ines the least sum that can be obtained by rearranging the sum of all ordinals less than any given ordinal.
Geometry and measure theory
See bibliography (29,34,38,40,42,43,55,12-1A) . Let J fb e a family of convex bodies in Un'Write a.W =infsup{l U/ e |/|U£ fJ } , the infimum being over all bounded non-empty families {Ka,:coEQ } of sets from and the supremum being over all disjoint subfamilies {K<9:#E@} with 0CQ. Rado introduces this definition in (34) and studies o (Jf) for various families of convex bodies. In particular, he shows that
is the family of all cubes in Un with their faces parallel to the coordinate planes. He conjectures that cr*(<$n) = 2~n; this conjecture remains open.
Besicovitch and Rado constructed a plane set of measure zero that contains circles of each positive radius (74). This particular result was obtained independently by J.R. Kinney (1968) at about the same time. The method of Besicovitch and Rado seems to be more general; they claim rather casually: 'It will be clear from the method we use that there are other families of curves which can be treated in the same way, such as confocal conics or, more generally, any one-parameter family of algebraic curves, and many more.' It seems to me that the phrase 'such as confocal conics' must be taken to imply that the one-parameter family of algebraic curves depends in a very smooth way on the parameter. These papers rekindled interest in this type of problem (see J.R. Marstrand 1979) . The problem of whether a set of measure zero can contain translates of all plane algebraic curves remains open.
Graphs
See bibliography (56, 60, 64, 78, 86, 88, 91, 97, 106, 109) , and other papers (22, 24, 32) which we prefer to regard as part of the first main theme. Most of R ado's work on graph theory was concerned with properties of hypergraphs and of infinite graphs of various types.
Number theory
See bibliography (3, 7-10, 20, 26, 30, 41, 89, 98) . A part from one paper (3), which we discuss in some detail below, most of these papers are expository.
Miscellaneous articles
See bibliography (1, 2, 25, 28, 37, 47, 49, 51, 54, 57, 61, 63, 72, 85, 87, 94, 95, 104, 105, 108, 110, (112) (113) (114) (115) (116) (117) . H ere and elsewhere the titles usually indicate the subject of the papers. We draw special attention to a paper (61), written with Chao Ko and Erdos in 1938 but only published in 1961. It is shown that, if n and k are positive integers with k < andy41,^2, ...,>1/ are subsets of a set S with cardinal \S\ = and A t fl Aj * 0 , for 1 < t, Ai (£ Aj, for 1 < i < t, 7 < / < t,
This result and the problems raised in the paper have given rise to a substantial body of combinatorial theory with many interesting results and conjectures (see Erdos 1987) . Some of the other articles are concerned with the popularization of mathematics, most are of genuine interest, some are important, others may well prove to be important. Some of R ado's work has borne its best fruit many years after it was written.
Hall's theorem and abstract independence
See bibliography (6,16, 21, 22, 24, 31-33, 53, 62, 67, 69, 70, 81, 90, 96, 99,110, 111, 119) . The theorem of P. Hall (1935) to which we refer is simple to state. Let T\, T2, ..., Tm be a finite system of subsets of a finite set S. In order that it be possible to find a h a2, ..., am with ai ^ aj, for 1 < and at E 7 } , for 1 < it is necessary and sufficient that for each 1 < each selection o f k sets from T\, 7 2 ,..., Tm shall contain between them at least k distinct elements of S.
As Hall remarks this generalizes a result of D. Konig (1916) and also R ado's (6) generalization of Konig's result. This beautiful result clearly captured R ado's imagination, he obtained various parallel results and generalizations. In particular, to obtain a common generalization of a result on vectors and on polynomials (27), he introduced an abstract notion of the independence of subsets of a given set, a notion that he later realized had been introduced earlier by H. Whitney (1935) . Rado proved the following result.
Let a relation of independence, satisfying appropriate axioms, be defined on the subsets of a given set S. Let A h A 2, ... , A n be subsets of S. There will be a set of independent elements a h a2, ...,
an in E Ai, 1 < if, and only if, for each k, 1 < k< n,and each 1 < V! < v2< ... < < the union U{A v, : 1 < i < k }c ontains some set of k independen This theorem subsequently proved to be of great importance in transversal theory (and in the equivalent theory of matroids).
Some articles (16, 22, 24) obtain Hall-type conditions on two-measure fun ctio n s/ and g, of a very general nature, defined on the vertices of a directed graph that are necessary and sufficient to ensure that / can be transformed into by a sequence of moves that transfer positive elements of measure along the directed edges of the graph. These give far-reaching versions of Hall's theorem.
Marshall Hall (1948) extended Philip Hall's theorem to the case when {Tv:v E.N} is an arbitrary family of finite subsets of an arbitrary set S. A year later, Rado (33) extended Whitney's theory of abstract independence for finite sets to infinite sets. To do this, he introduced the concept of an independent base for an infinite set and showed that all independent bases for a given set have the same cardinal. This cardinal becomes the cardinal rank of the infinite set. A key to this theory is the following selection lemma.
Let ,4 and TV be sets and let A v be a finite subset of A for ea for each finite set L contained in N, we are given a choice function -* such that The proof is rather complicated; Rado gave a much simpler proof (81). Again this selection lemma has proved to be of great importance in transversal theory. H e o b tained several results concerning the possibilities of rep resen tin g independence structures by the linear independence of suitably chosen vectors in a vector space over a field or a division ring (53).
Any attempt to describe the major significance of R ado's work for transversal theory would take us too far from our aim of describing R ado's direct mathematical contributions. So we refer the reader to the books by L. Mirsky (1971a) 
Ramsey's theorem and partition relations
See bibliography (3-5,15,19, 23, 35, 43-46, 48, 49, 52, 56, 58, 65, 66, 68, 71, 75-77, 79,80,83,84,92,93,100-103,107,118,120) . The main starting points for R ado's first substantial paper (3) were theorems of B.L. van der W aerden and I. Schur. Van der Waerden (see van der W aerden (1971) for an interesting account of the discovery of this result) had proved that: If k and / are positive integers, then there is a n u m b e r/ ( k, l) such that, if
Ni s a positive integer with N >f(k, /) and {1, 2 ,..., N into k sets, then at least one set contains an arithmetic progression of length 1. Rado, with good reason, describes this result as extraordinarily interesting. When he first heard about it, he disbelieved it and tried hard to disprove it. As often happens, his attempts to disprove the result lead to a deep understanding of its nature. The result of I. Schur was of a similar nature concerning solutions of the Diophantine equation* = y = z in one at least of the subsets of {1, 2 ,..., N}. Rado obtains far-reaching generalizations of these results. In particular, he considers a system of equations 2 v=l 0, 1 < ju with integral coefficients, having solutions (.,... ) in positive integers. He gives fairly complicated conditions on the coefficients aM V (that can be easily checked in special cases) that are necessary and sufficient to ensure that when the sequence of positive integers are divided into a finite number of sequences, then at least one of the sequences contains a solution of the system of equations. The results of van der W aerden and Schur follow as immediate consequences. These investigations, which include many other results, are taken further in (4, 23).
F.P. Ramsey (1930) had shown that, if ni s a positi distribution of all sets of n positive integers into a finite number of classes, then there exists an infinite set M of positive integers which has the property that all sets of n numbers from M belong to the same class of A. Early in 1934, Erdos wrote to Rado and asked 'Is it true that when Si s a set of infinite cardinal, and of S are split into two classes, then there is always an infinite subset S* of S all of whose countable subsets are in the same class?' Rado replied with a counter example almost immediately. A little later, Rado used Ramsey's theorem in a quite unexpected way in his paper (19) on products of infinite series, see above.
In a further study (35) Erdos and Rado introduce canonical distributions. For each positive integer n, they introduce 2 n' canonical' distributions element subsets of the positive integers into a number (usually infinite) of classes. There are two extreme canonical distributions, A^, say, where all n element sets belong to a single class, and A(2«, say, where each n element set is assigned to its own class. They prove the following surprising and far reaching generalization of Ramsey's theorem.
Let A be an arbitrary distribution of the n element sets of positive integers into classes. Then there is an infinite subset A* of the positive integers and an i with 1 such that the distribution A, when restricted to the n element subsets of N , coincides with the distribution A(? L a te r this paper had a major influence on the development of Ramsey theory (see R.
L. Graham et al. 1980).
It is now time to introduce the notation of the partition calculus invented by Rado. In one of its simpler forms, this uses the symbol where k, a and aK, k < k, are all ordinal numbers. Note that the exponent r takes the value 1 (by implication) and so the relation is concerned with elements from a rather than with subsets of a. They describe a procedure that leads, in a finite number of steps, from any choice of a finite sequence of ordinals aoy a \ , , 1 to a calculation of the least ordinal a for which the relation « («0, a b -, « * -l holds. Once the reader is familiar with the notation and provided note is taken of the context within which it is used, it becomes a very convenient and concise way of expressing partition relations and their negations. R ado himself and Rado with Erdos and with other collaborators continued to study partition relations for many years, investigating canonical partition relations and partition relations for cardinals, for ordinals, for order types and for matrices. Erdos (1987) gives an excellent account of his joint work with Rado. Most of the work is described in detail in the book (118) by Erdos, Hajnal, M ate and Rado. This book goes some way towards an exposition of the importance of the theory for the theory of cardinal numbers and for mathematical logic. This lies, in part, in the fact that the truth of various partition relations turn out to be independent of the Zerm elo-Fraenkel axioms and so we are provided whole scales of potentially important new axioms for use in set theory.
M a t h e m a t ic a l w o r k in g e n e r a l This inadequate account of R ado's mathematical work can best be supplemented by reading his original papers and the book he wrote with Erdos et al. (118) . The paper by H. Lenz (1983) is also worth study. The account by Erdos (1987) of his joint work with R ado should certainly be read. An account, C. Richards (1971) , of the presentation to Rado on his 65th birthday contains interesting speeches by Mirsky and by Rado and also a good photograph of Richard and Luise. Canada, 1986 . Hon. Fellow Fitzwilliam College, Cambridge, 1987 Foundation editor of Mathematika, 1954 . Member of the editorial boards of Aequationes M athematicae, Discrete Mathematics, Journal of combinatorial Theory, Combinatorica, Asian Journal of Graphs and Combinatorics.
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( 1) 
